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ABSTRACT

In this research, layered double hydroxide/halloysite (LDH/Halloysite)
nanocomposite was synthesized as a coating for solid-phase
microextraction fiber for extraction of phenolic compounds (PCs) in the
plasma and water samples. The size, morphology, composition, and
properties of the prepared nanocomposite were also characterized
using scanning electron microscopy (SEM), Fourier transform- infrared
spectroscopy (FT-IR), energy-dispersive X-ray spectrometry (EDX), and
thermogravimetric analysis (TGA). After solid-phase microextraction,
the phenolic compounds were quantified via gas chromatography-mass
spectrometry. Analytical merits of the method, under optimum conditions
(extraction temperature: 80°C, extraction time: 30 min, pH: 6.5, stirring
rate: 500 rpm, and salt concentration: 15% wv), are 0.01-200 ng mL?
for the linear dynamic range and 0.2-4 pgmL* for the limit of detection.
In optimum conditions, the repeatabilities for one fiber (n = 3), expressed
as relative standard deviation, was between 4.1 and 7.6% for the phenolic
compounds. Ultimately, for the analysis of the river water and plasma
samples, the SPME technique was successfully applied.
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INTRODUCTION

Halloysite is a type of aluminosilicate mineral
clay (ALSi,O, (OH),nH,0) with micro or nano
structure and is found in nature in three forms
of tubular, spherical, and planar. The outer and
inner diameters of halloysite nanotubes (HNTs)
are usually 30-50 nm and 1-30 nm, respectively,
and often have multilayer walls. [1] Each wall
is composed of 1:1 layers of alumina and silica,
which form the inner and outer layers, respectively.
This difference in inner and outer layer chemistry
results in different charges at the inner and outer
surfaces of HNT layers at various pHs. [2] This type
of halloysite is frequently applied in the controlled
release of materials, nanoreactors, nanotemples,
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and pollutant adsorption, and is expected to be
able to adsorb certain materials due to its nanotube
structure. Recently, the applications of halloysite
nanotubes have been extensively studied in the
adsorption of pollutants and other substances. For
example, the aqueous adsorption of methylene or
malachite green has been extensively investigated
by HNTs. [3-5]

During the past decade, several methods
have been wused for preconcentration and
determination of trace levels of organic pollutants
in aqueous solutions including solid phase
extraction (SPE), solid phase micro extraction
(SPME), liquid phase microextraction (LPME),
liquid-liquid  extraction  (LLE), floatation
separation, precipitation, membrane filtration
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etc. SPME is a preconcentration technique that
possesses favorable properties including solvent
free, fast diffusion rate, portable, easy-to-use,
and high enrichment factor.[6-8] Moreover,
SPME can integrate sampling, extraction, and
sample introduction into a single step and
become an attractive alternative to most of the
conventional ~ sampling  techniques. ~SPME
was initially introduced for the analysis and
determination of volatile organic pollutants
at trace levels in different matrices. In this
field, the development of new materials is
mainly aimed at the achievement of superior
selectivity with regard to target analytes or
specific classes of compounds as well as at the
development of less breakable and more stable
supports. [9-23]

In this paper, ZnAl-LDH nanosheets were
grown via a simple, facile and inexpensive
preicpitation method on halloysite nanotube
(HNT). The potential use of the ZnAl-LDH/HNT
was assessed as an extraction phase for head space
solid phase microxtraction (HS-SPME). Phenolic
compounds as an organic pollutants were utilized
as model compounds for SPME. The investigated
compounds were defined via gas chromatography-
mass spectrometry detection.[24-29] The ZnAl-
LDH/HNT fiber’ extraction ability was investigated
and a comparison was made. The effects of various
experimental parameters like sample ionic
strength, pH, extraction time, and desorption
condition on the method’s extraction efficiency
were investigated. Ultimately, for the analysis of
the river water and plasma samples, the SPME
technique was employed in a successful manner.

EXPERIMENTAL
Materials and methods

Halloysite nanotubes (HNT), Phenolic
compounds including Phenol, 4-Chlorophenol,
2, 4-Dichlorophenol, 2, 6-Dichlorophenol,
2, 4, 6-Trichlorophenol, 3-Nitrophenol, 4-
Nitrophenol, 3-Nitroaniline, 4- Nitroaniline with
a purity of >98% were obtained from the Merck
Company (Darmstadt, Germany). Structures and
some physicochemical properties of phenol and
the four chlorophenols under investigation are
listed in Table 1. Sodium hydroxide and aluminum
nitrate, zinc nitrate, hydrochloric acid, sodium
chloride, methanol and all chemical solvents
(analytical-reagent grade) were supplied from
Merck or Fluka companies. Deionized water was
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prepared with a Milli-Q water system (Millipore,
Billerica, MA, USA). A mixture stock solution of
the selected phenols (100 mg L™ of each analyte)
in methanol was prepared and stored at 4 ‘'C in a
refrigerator. By appropriate dilutions of the stock
solution with deionized water fresh working
standard solutions were daily prepared.

Water samples were collected (on June 2019)
from polluted parts of a river at Polsangi bridge
(Aji river, Tabriz, Iran) and Sofy river at Dejhban
bridge in Maragheh city. The water samples were
collected into glass bottles (200 mL) without a
concave bottom. The samples were stored at 4
*C in darkness and were analyzed within 24 h of
collection. To eliminate the suspended particles,
the samples were centrifuged at 7000 rpm for 6
min before they were subjected to the proposed
procedure. The pH values of studied water
samples were in the range of 6.5-7.4. The pH
value of samples was adjusted to 4.5 using HCI
solution (1 M) prior to their analysis. Plasma
samples collected from the blood transfusion
center (East Azerbaijan) were obtained from the
local pathobiology laboratory.

Instrumentation

A gas chromatography device (Model 7890A,
Agilent, USA), equipped with a mass spectrometer
detector (5975C) and bifurcated/non-bifurcated
injection valve was utilized in this experiment.
Recording of chromatograms and processing
of data were conducted using the Chemstation
and Wiley 7N computer library software. For the
separation process, a capillary column (MS HP-5,
W&J Company, USA) was applied with a length
of 30 m and an inner diameter of 0.25 mm coated
with stationary phase with a thickness of 0.25 pum.

After initial tuning of the column temperature
at 70 °C, the temperature at the next steps reached
110 °C at a rate of 25 °C.min’!, 140 °C at a rate
of 3 °C.min", and finally 180 °C at a rate of 20
°C.min"' and maintained at this temperature for
1 min. Temperatures of the injection valve,
chromatograph interface to the detector, the
quadrupole, and the ionization source were set
at 275, 280, 230, and 150 °C, respectively. The
flow rate of helium carrier gas was adjusted to
1.1 mL.min™. In this research, the morphology of
the prepared nanocomposite was examined by a
TESCAN MIRA3-FEG-SEM electron microscope
(University of Tabriz). A FT-IR device (Bruker
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Table 1: Calibration curve, correlation coefficient, detection limit, linear range of the calibration curve and relative

standard deviation values for PCs analysis.

DLR Regression LOD Repeatability ~ Reproducibility

Compound (ngmL™) coeflicient (pg mL™) R.S.D. %, R.S.D. %,
Phenol 0.01-200 0.998 0.4 5.9 9.2
4-Chlorophenol 0.01-200 0.988 0.3 6.7 8.3

2, 4-Dichlorophenol 0.01-150 0.999 0.4 4.1 6.9

2, 6-Dichlorophenol 0.01-150 0.998 0.2 43 8.6

2,4, 6-Trichlorophenol ~ 0.01-150 0.997 0.2 3.9 7.3
3-Nitrophenol 0.1-200 0.997 4 7.3 11.9

4- Nitrophenol 0.1-200 0.996 3 7.6 12.1
3-Nitroaniline 0.1-200 0.997 2 4.9 10.2

4- Nitroaniline 0.1-200 0.995 2 5.3 11.2

Tensor 27) was used to further confirm the
synthesis and examine the chemical structure of
the synthesized substance. The working conditions
of the gas chromatograph are presented below.

Synthesis of ZnAL-LDH/HNT

To synthesize this composite, 0.1 gof HNT was
dispersed into a 10 mL water under ultrasonically
agitating for 5 minutes to obtain a uniform
suspension. Then, another 100 mL solution
containing Zn (NO,),.6H,0 and Al (NO,),.9H,0
(the molar ratio of Zn to Al was set to 2:1) and 0.04
M of urea were added drop-wise into the above
suspension under vigorous stirring at a constant
pH=10 maintained by simultaneous addition of
alkaline solution. The mixture was agitated and
heated (80 °C) simultaneously for 24 h, and the
product was separated using a centrifuge. The
residue was washed several times in distilled
water and finally in ethanol and allowed to dry in
a vacuum oven at 60°C for 6h.

Preparation of the SPME fiber

In general, employing high mechanical stable
metal wires as fiber supports in SPME enhanced
the robustness of this method for routine analysis.
For this purpose, a piece of stainless steel wire (4
cm-long with a 0.2 mm diameter) was cleaned
twice by introducing into the methanol and
with the assistance of sonicating for 20 min
in an ultrasonic bath and then dried at 70 "C.
Afterward, the wire (1 cm) with epoxy glue was
limed and the synthesized LDH/HNT powder
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was immobilized onto the wire. In the following,
the resulting coated wire was heated for 48 h in
an oven to 50 °C, gently polished to eliminate
non-bonded particles, and then connected to the
laboratory-made SPME holder device. In the end,
the prepared SPME fiber was conditioned in the
injection port of gas chromatograph at 275 *C
under helium gas for 2 hours. The fabricated fiber,
assembled to its SPME holder device, was applied
to the proposed HS-SPME method.

HS-SPME process

Five mL of deionized water or samples (see
Section 2.2), spiked with the interested analytes
(10 pug L™, each analyte) with pre-established
pH 4.5 (using 1 M HCI solution) and ionic
strength (10%, w/v, NaCl), was placed into a
15-mL clear glass vial (59 mm x 18 mm i.d.).
The vial was immediately sealed with a PTFE/
silicone septum screw cap after introducing the
magnetic stir bar. In the following, the vial was
placed into a water bath thermostated at 80
*C. Then, the SPME device needle was passed
through the septum and the fiber was pushed
out from the needle and for 30 min exposed to
the headspace over the aqueous solution, which
was continuously stirred by a magnetic stirrer at
500 rpm. Subsequently, the fiber containing the
retained analytes was retracted into the needle
and transferred immediately to the GC injector
in the splitless mode where the compounds were
thermally desorbed by applying a temperature of
275 *C for 2 min. To remove the possible residues
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Fig.1: The SEM images of the LDH/HNT.
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Fig.2: The XRD pattern of LDH/HNT.

on the fiber, it remained in the GC injection port
until 2 min after opening the split valve.

RESULTS AND DISCUSSION
Structural morphology of the synthesized structure
The SEM image of the LDH/HNT is presented
in Fig. 1. As it is seen, the prepared LDH/
HNT nanocomposite possesses a homogeneous
structure, which should considerably enhance the
available surface area on the coating for adsorption.
The XRD pattern of LDH/HNT is shown in
Fig. 2, which reveals that it is in agreement with
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the related pattern in previously reported work.
The characteristic diffraction peaks of a LDH phase
with the

indexes (003) and (006) were identified at low
20 angle, while the non-basal peaks were associated
with the indexes (101), (015), (018), (110) and (113)
at higher 20 angles. The XRD pattern of LDH/
HNT sample also had peaks corresponding to the
metahalloysite or aluminum silicate hydroxide. The
diffraction peaks at 20 = 12, 20.1, 24.6, 35.0, 37.9,
54.5 and 62.6 corresponded to (001), (100), (002),
(110), (003), (210) and (300) planes, respectively
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Fig.3: The elemental composition was also investigated via EDX
(energy-dispersive X-ray spectroscopy.

[45, 46].

To further confirm the formation of the
hybrid, elemental composition was performed.
The elemental composition was also investigated
via EDX (energy-dispersive X-ray spectroscopy).
According to Fig. 3, the only elements observed at
the LDH/HNT were the Al, Zn, O and Si elements.

The thermal stability of the fabricated fiber
is an essential parameter that must be regarded
because the desorption of analysts in SPME fiber
is performed in the hot injector port. TGA curve
of LDH/HNT is illustrated in Fig. 4. LDH/HNT is
stable up to 400 °C. The first weight loss at 50-100 °C
corresponds to the loss of surface water. The second
weight loss step of at 180-250 °C corresponds to
the loss interlayer water of LDH, and the third
weight loss step at 400-550 °C corresponds to the
dehydroxylation of the HNT structure.

Optimization of the head space solid phase
microextraction (SPME) technique

To assess the capability and efficiency of
ZnAl- LDH/HNT nanocomposite fibers, some
of PCs were extracted from the aqueous samples
in the head space SPME. The use of head space
SPME technique is usually preferred because it
significantly excludes damage to fibers caused by
the sample matrix and prevents the extraction of
annoying agents, thereby extending the lifespan of
SPME fibers.

Before the optimization of parameters
influencing the extraction, the complete desorption
of the analyte adsorbed on the fiber was examined
at the injection site of the GC device, and the
corresponding separation was studied in the GC
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Fig.4: TGA curve of LDH/HNT.

column. The different injection site temperatures
and various desorption times were tested for
this purpose. The maximum temperature that
can be applied for the desorption of the analyte
from the fiber in GC is determined based on the
thermostability of the fiber coating. Accordingly,
a temperature range of 220-280 °C was examined
and a temperature of 280 °C yielded the best
results for the analyte desorption, allowing the
implementation of analyte desorption process
without damaging the fiber. Desorption time was
investigated in the range of 1-5 min, and finally,
a time of 2 min with the upmost extraction was
selected for complete desorption. The parameters
influencing the extraction efliciency (extraction
time, extraction temperature, stirring speed, pH,
and ionic strength) were optimized after optimizing
the desorption conditions.

pH effect

The impact of pH was investigated here
as phenolic compounds have acid-base
characteristics and their extractability is
significantly affected by pH. The solution pH level
makes a major contribution to the extraction
procedure. Moreover, transferring analytes from
the sample solution to the headspace is accelerated
by the sample solution pH as the main factor.
Accordingly, the impact of pH ranging from 2
to 10 was surveyed with the addition of suitable
hydrochloric acid or sodium hydroxide solution
to the aqueous phase. The maximal efficiency was
achieved at pH 6.5. At low and high pH, there is
a significant shift of the acid-base equilibrium
for the phenols towards the neutral types that
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Fig. 6: Effect of time on microextraction.

possess elevated vapor pressure and higher
affinities towards the fiber, thereby increasing the
extraction efficacies. The pH of 6 was select for
future experiments.

Selection of microextraction temperature

In solid-phase microextraction, the temperature
has a dual impact. This means that as an increase in
the temperature can augment the amount of analyte
extracted by increasing the analyte distribution
coefficients (Kd) between the headspace and the
fiber, it also increases desorption between the two at
very high temperatures. Therefore, it is an absolute
necessity to optimize the extraction temperature.
For this purpose, PCs were extracted from the
headspace of the sample solution at a temperature
range of 45-95 °C. Fig. 5 shows the peak area of
the analyte against the applied temperatures,
indicating that the uppermost extraction efficiency
occurs at 80 °C.
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The effect of extraction time

In solid-phase microextraction, the extraction
time is an important factor, as it affects the analyte
distribution between the solution and the fiber.
The sensitivity and reproducibility are maximum
when there is a balance in the analyte distribution
between the fiber and the sample. To test the impact
of time on the amount of analyte extracted in this
research, the extraction process was examined
within a period of 10-50 min. The results indicated
that the amount of extracted analyte reached a
maximum at 30 min (Fig. 6). Thus, 30 min will be
chosen in future experiments.

The effect of ionic strength of solution

The addition of salt raises the ionic strength
of the donor phase and decreases the tendency
to the organic phase, thereby improving the
extraction efficiency of the organic analyte in most
conventional extraction techniques. In the present
work, NaCl salt from 0 to 30 % (w/v) was added
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to the samples and it was observed that salting o
elevated the extraction efficiency up to 15 % (w/v). é 59 a
lsss
The effect of stirring speed of the solution g |28 g
The mass transfer rate in the donor phase <+
increases and both the time needed to reach
equilibrium and the extraction time decrease é —_—
by stirring the solution. In this study, the results 8 s:z 12, sja
obtained from the use of different stirring rates (0- " % S s <
700 rpm) revealed an increase in the extraction of § o
PCs by raising the stirring rate to 500 rpm, which g _
was therefore selected as the optimal speed. < sl -
Quantitative evaluation and analysis of real samples % g S g ;
Following  the  optimization of the c <+
microextraction conditions, quantitative features g
of the proposed method, including correlation E g -
coefficient, limit of detection (LOD), and linear E = s &g
range of the calibration curve were evaluated 2 5|2 g 3
herein as presented in Table 1. The dynamic linear g 0~ -
range (DLR) of this method was examined by the g
extraction of different aqueous samples at a range k| = E
of concentrations and a good DLR (0.01-200 ngmL- E! £
') was found with a correlation coefficient range —:10 i’ E SIS
of 0.995-0.999. The relative standard deviation B2 'g 998
(R.S.D) values (Tablel) suggest good repeatability Py 1
of the manufactured fiber. To assess the method’s % g <
applicability to determine the examined PCs in real 2 < “
specimens and investigate the effects of the sample § E
matrix on quantifying, the technique was utilized 2 S
to analyze plasma and river water samples. TFME 2 |2 glEE S
of (a) non-spiked and (b) spiked urine samples 2 5= ==
with 10 ngmL™" of PCs were performed, and GC- B A
MS was used for analysis. To evaluate the method’s ié\ _
ability in real sample analysis, RSDs were regarded g g
in the sample analysis via the technique. Table 2 2 & leaa
represents the findings demonstrating that the 8 Es SEE
technique can be used to extract and determine the 2 = ===
evaluated PCs in the real specimens. £ 3
o
CONCLUSION 2 |
This study is the first to develop a highly sensitive = ¢! g g g
method based on the SPME using the synthesized = s|z3 =
fiber to measure PCs in an aqueous sample. The e 5|77~
applied method has a good DLR, repeatability, and -
high sensitivity, which can therefore be employed I
for other research on aromatic compounds with g seg
low concentrations in water and soil. The present GRS
results establish that the prepared composite fiber
is of high extractability. High sensitivity, no use of 2 53 é
organic solvents, high selectivity, and low LODs are g % :El =
the unique advantages of the introduced technique. - &
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